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20.  Abstract 


Pursuant  to  Public  Law  92-367,  Phase  I  Inspection  Reports  ere  prepared 
under  guidance  contained  In  the  recommended  guidelines  for  safety 
Inspection  of  daaa,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.  20314.  The  purpose  of  a  Phase  I  Inspection  Is  to 
Identify  expeditiously  those  daaa  which  aay  pose  hazards  to  huaan  life  or 
property.  The  assessaent  of  the  general  conditions  of  the  daa  Is  based 
upon  available  data  and  visual  Inspection.  Detailed  Investigation  and 
analyses  Involving  topographic  aapplng,  subsurface  investigations, 
testing,  and  detailed  coaputatlonal  evaluations  are  beyond  the  scope  of  a 
Phase  I  investigation;  however,  the  investigation  is  Intended  to  identify 
any  need  for  such  studies. 

Based  upon  the  field  conditions  at  the  tine  of  the  field  inspection  and 
all  available  engineering  data,  the  Phase  I  report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnlc,  and  structural  aspects  of 
the  dan.  The  engineering  techniques  enployed  give  a  reasonably  accurate 
assessment  of  the  conditions  of  the  dam.  It  should  be  realized  that 
certain  engineering  aspects  cannot  be  fully  analyzed  during  a  Phase  I 
inspection.  Assessnent  and  remedial  measures  in  the  report  include  the 
requirements  of  additional  indepth  study  when  necessary. 

Phase  I  reports  include  project  information  of  the  dam  appurtenances,  all 
existing  engineering  data,  operational  procedures,  hydraulic/hydrologic 
data  of  the  watershed,  dam  stability,  visual  inspection  report  and  an 
assessment  including  required  remedial  measures. 
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'Hi is  ti'jort  is  prejjarod  under  guidance  contained  in  the 
RfoannieiriQd  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Invest igat .ons.  Gopies  of  these  guidelines  may  be  obtained  frcm 
the  Office  of  Chief  of  Engineers,  Washington,  D.  C.  20314.  The 
IMijoso  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
"msc  d.ris  which  iray  jose  hazards  to  hunan  life  or  projierty.  Hie 
as;..  .  nait  of  the  general  condition  of  tlie  dam  is  based  upon 
available  data  and  visual  inspections.  Detailed  investigation,  and 
analyses  involving  Loiojraphic  trapping,  subsurface  investigations, 
testing,  <ind  detailed  contutational  evaluations  are  beyond  the  scope 
of  a  Phase  I  Investigation;  however,  tlie  investigation  is  intendid  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at 
the  time  of  institution  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
insjiection,  such  action,  while  irrj >rov i ng  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  tlie  norrral  ojerating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  dejiends  on 
nunerous  anti  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condi tion  of  the  dam  at  sane  joint  in  the  future.  Only  through 
fi  ijuent  insist  ions  can  unsafe  auditions  be  detected  .ind  only 
through  continued  care  and  naint.enance  can  these  conditions  1« 
prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probable  Maxinun 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff) ,  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a 
storm  event,  a  finding  that  a  spillway  will  not  pass  the  test  flood 
should  not  be  interpreted  as  necessarily  posing  a  highly  inadequate 
condition.  Hie  test  flood  provides  a  measure  of  relative  spillway 
capacity  and  serves  as  an  aid  in  determining  the  need  for  more  detailed 
hydrologic  and  hydraulic  studies,  considering  the  size  of  the  dan,  its 
general  condition  and  the  downstream  darrage  potential . 
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PRASE  1  KKIORT 
NATKWL  DAM  SAFETY  PROGRAM 

BRIEF  ASSJSSMV-XT  OF  DAM 

Name  of  !\un:  Fawn  Lake  Dam 

State:  Virginia 

Tocat  ion:  Spot syl van  i a  County 

I’SfS  (>DAD  Sheet:  Chancel ] or svi lie,  Virginia 

Coordi nates:  Iat  38°  15.5’  Long  77°  42.9’ 

Pate  of  Tr.-pect ion:  April  20,  1981 

Pawn  lake  Dam  is  a  homogeneous  earthfill  structure  about  2230 
ft  long  and  63  ft  high.  The  principal  spillway  consists  of  a 
rectangular  reinforced  concrete  riser  (9  ft  x  3  ft)  and  240  ft  of  36  inch 
diameter  concrete  discharge  pipe.  A  200  ft  wide  earthen  emergency  spillway 
is  located  at  the  left  abutment,  3.5  ft  above  the  principal  spillway. 

The  dam  is  an  intermediate  size  structure  and  is  assigned  a  significant 
hazard  classification.  The  dam  is  located  on  Greenfield  Creek,  in 
Spotsylvania  County,  Virginia.  The  lake  is  used  for  recreation  and  is 
ownd  .nd  nai nln inod  by  the  International  Paper  Realty  Corporation. 

Based  on  the  criteria  established  by  the  Department  of  the  Army, 
Office  of  the  Chief  of  Engineers  (OCE) ,  the  appropriate  Spillway  Design 
Flood  (SDF)  for  the  dam  is  the  *5  PMF.  ^The  spillway  will  pass  45  percent 
of  the  Probable  Maximum  Flood  (PMF)  or  90  percent  of  the  SDF  without 
overtopping.  During  the  SDF  the  dam  will  be  overtopped  by  a  maximum  of 
0.1  ft  for  a  period  of  1  hour  at  a  maximum  velocity  of  1.7  fps.  JThe 
spillway  is  judged  inadequate,  but  not  seriously  inadequate. 

The  visual  inspection  did  not  reveal  any  problems  which  would 
require  immediate  attention.  A  better  vegetative  cover  should  be 
established  in  the  emergency  spillway.  Several  eroded  areas  existing  . 
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on  the  downstream  slope  should  be  examined  during  normal  maintenance# 
Increased  erosion  will  require  local  regrading  and  reseeding.  ^Seepage 
areas  described  along  the  left  and  right  downstream  toe  of  the  embankment 
should  be  monitored  quarterly.  Seepage  along  the  right  downstream  toe 
occurs  near  the  former  stream  channel  and,  therefore,  should  be  carefully 
monitored  to  insure  that  increased  flow  or  piping  does  not  develop 
within  the  embankment.  -An  emergency  operation  and  warning  plan  should 
be  developed.  Furthermore,  a  staff  gage  should  be  installed  to  monitor 
water  levels. 

A  suninary  of  the  design  stability  analysis  of  the  upstream  and 
downstream  slopes  under  steady  seepage  conditions  was  reviewed  and 
found  to  be  acceptable.  The  factor  of  safety  for  rapid  drawdown  with 
respect  to  the  upstream  slope  was  less  than  one.  Hie  upstream  slope 
does  not  meet  the  guidelines  reccrmended .  by  the  Department  of  the  Amy, 
Office  of  the  Chief  of  Engineers  for  earthfill  dams  subject  to  rapid 
drawdown Consequently,  it  is  reccrmended  that  any  future  lowering  or 
draining  of  the  lake  be  nade  at  a  rate  of  not  more  than  6  inches  per 
day  in  order  that  a  "rapid  drawdown"  condition  does  not  develop.  If 
this  is  not  acceptable,  it  will  be  necessary  to  construct  a  properly 
designed  toe  berm. 
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SUCTION  I  -  PROJIXT  INFORMATION 

1 . 1  General : 

1.1.1  Authority:  Public  law  92-367,  8  August  1972,  authorized 
the  Secretary  of  the-  /Army ,  through  the  Corps  of  Engineers,  to  initiate 
a  national  program  of  safety  inspection  of  dare  throughout  the  United 
States.  The  Norfolk  District  has  been  assigned  the  resjjonsibility  of 
supervising  the  inspection  of  dams  in  the-  ComrrDnwcalth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to  conduct  a 
Phase  I  inspection  according  to  the  Recommended  Guidelines  for  Safety 
Inspection  of  Dams  (see  Reference  1,  Apjjendix  V  ) .  The  main  respon¬ 
sibility  is  to  expeditiously  identify  tix>se  dams  which  may  be  a  potential 
hazard  to  human  life  or  property. 

1.2  Project  Description: 

1.2.1  Dam  and  Appurtenances :  Fawn  Lake  Dam,  is  a  homoaeneous  earth- 
fill  structure  approximately  2230  ft  long  and  63  ft  high.*  The  crest 
of  the  dam  is  17  ft  wide,  and  side  slopes  are  approximately  2.5  horizontal 
to  1  vertical  (2.5H:1V)  on  the  upstream  slope  above  normal  pool  and 
3H: IV  below  normal  pool,  and  2.5H:iV  on  the  downstream  slopes  of  the 
dam.  A  10  ft  wide  berm  is  shown  on  design  drawungs  at  elevation  336.5 
msl  along  the  upstream  slope.  The  crest  of  the  dam  is  at  elevation  343 
msl . 


*  Height  is  measured  from  the  top  of  the  dam  to  the  downstream  toe  at 
the  centerline  of  the  stream. 


The  tl.ur.  is  keyed  into  th>-  to  mu  it  it..:*  .m  i 
drainage  system  with  a  C  inch  tirainout  1*  •*  .  i.x.st  . : 
embanrmi'nt  slojus  and  ripraj  alone  th<  u:  s'  n  .r  :  ...  *•  .  ... 

levels  provide  slope  plot  ect  ion.  (See  Mote  9, 

The  principal  spillway  consists  of  a  9  ft  x  i  :t  .:.  •  u 

reinforced  concrete  riser  inlet.  The  riser  is  o  >: ♦  ..  . 

diameter  reinforced  concrete  outlet  pile  which  runs  ♦•*• .  * •  :.•  :*  . 

The  riser  crest  elevation  is  335.5  msl.  A  30  inch  chart  t.  :  :  .  . 
gate  is  located  112  ft  upstrc-am  of  the  riser  on  a  30  inch  d.  *  »  •• 
concrete  inlet  pipe  at  an  invert  elevation  of  286.4  msl,  and  .  s 
drain  the  lake.  The  outlet  pipe  is  240  ft  long  and  the  invert  <  i.  *• 
at  the  outlet  structure  is  281  msl.  (See  Plates  5,  7  and  8,  A::»n:i> 
The  emergency  spillway  (EMS)  consists  of  a  vegetated  channel 
located  at  the  left  abutment,  with  a  crest  elevation  of  339  msl.  Tr*. 
emergency  spillway  is  200  ft  wide,  has  2H:1V  side  slopes  and  is 
cut  section.  The  approach  channel  to  the  EMS  is  approximately  ISC  : 
long  at  a  20%  slope  rising  up  to  the  control  section.  The  discharoe 
channel  gently  slopes  away  from  the  control  section  and  intersects 
the  stream  approximately  500  ft  downstream  of  the  dam  toe. 

1.2.2  Location;  Fawn  Lake  Dam  is  located  on  Greenfield  Creel; 
approximately  5.5  miles  southeast  of  Chancel lorsville,  Virginia. 

(See  Plate  1,  Appendix  I) 

1.2.3  Size  Classification:  The  dam  is  classified  as  an  "inter¬ 
mediate"  size  structure  based  on  its  height  and  maximum  lake  storage 
potential . 
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1  <»'»!' <d  '  i " it  r.;  li  s  .i  »:  ‘  c  ,  ‘ r  ■ »  •  • 

hi.  I!  d  oh::-  S  ■  •  .  '.it  •  >n  .  n »  hi  t  r  '  i ' 

a  vi.iT.  .s  a  f  met  .  >n  I  . -.«•  <j.  >.1‘.  ;.»•  *  •  •  *.  > 

stability  or  :  »  oUib:  1  .ty  of  *'  ’  :<•. 

1.2.5  Ownership:  Tht  :.in  .s  .%*.?»-:  >.•»«:  :>•. 

International  Pa;  *_-r  krai  ty  Cortorat  ,  on. 

1.2.6  Purpose:  Recreat lunal . 

1.2.7  Design  and  Construction  History’:  The  i.ir  was  - .  o<: 

and  constructed  under  the  supervision  of  yv.:tle  arm  Ass*  ..it<  s .  :'*« 

structure  was  constructed  by  Bishop  and  Settle  .oi  eir^  i<  t .n 

1975.  Riprap  was  installed  on  the  upstrearr  slojx-  in  19bC  ir.  aecx  t  uo 
with  design  developed  by  J.  K.  Tiimons  &  Associates,  Inc. 

1.2.8  Normal  Operational  Procedures:  The-  prinrijal  s:  ;  ’.  wa\  .  s 
ungated,  therefore,  water  rising  above  the  crest  of  um.  t  s>  r  • 

is  automatically  discharged  downstream.  Normal  pool  is  maintained  at 
elevation  335.5  msl  at  the  crest  of  the  riser.  Flood  discharues  which 
cannot  be  absorbed  by  storage  and  the  riser,  flew  throuah  the 
emergency  spillway  at  pool  elevations  above  339  msl.  Hie  30  inch 
diameter  gate  at  elevation  286.4  msl  is  manually  operated,  and  is  used 
to  lower  the  lake  belcw  normal  pool. 

1.3  Pertinent  Data: 

1.3.1  Drainage  Area:  The  drainage  area  is  4.14  square  miles. 
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TABU.  1.1  DAM  AND  RFSKRVUIP  DATA 


Heservoir 


St  i i  lC 


I  ten 

Klevat ion 
feet 

msl 

Area 

Acres 

Voi  .2TD 

Acre 

Feet 

V.atershed  Dene 
Inches  Mile 

'rest  of  liar 

34  3 

352 

7472 

34  1.8 

artH-iency  Spillway 
''rest 

7  39 

315 

6084 

27.5  1.6 

Principal  Srillway 
'.'rest 

335.5 

285 

5113 

23.16  1.4 

Streanted  at  Dcwn- 
strearr  Toe  of  Dan 

279.8 

* 


jv  t.  .  •  ’*'  »v:-a 

-  •  •  •  ■„*•••  ^  i*  •  .  ::»»!  If.  i'kJ  <\...  •  :  ..'I.ti  .«;•! 

•  ••  •  ■■  " .  t  y ,  V i  j  •  1 1 : . i  .1 1  , 

-  .’  '  'i  ij>  '  >!  i '  : i  .>1  i>i  .it  ,  <jti .  .«il 

'  •:  -ti-k'1  .*  ».uj  :  •  i  *»  iv»ii  by  h  .siiuj  ini  :»•(  t  I  e  i’n:..,t  r  ict  iun  1 

•  i  ‘a,  a  .  »  s  i  gi  .  i :  i*  i .  p js  .c  nl  :  •  a  t  s  ai  l  i-  i  .  a  <_• 

fi'titi  t  i  k-  I nt.  ir.it  lunal  Realty  Qurjorat  ion. 

'Hx'  dam  was  designed  to  accoriTijdate  a  50-ycar  rainfall.  Rainfalls 
of  >jr- au-r  .  nigritude  tJiar.  tin.*  r>0 ulvui  r«*ncc-  will  di.*«:.‘<arye 
through  a  200  ft  wide-  emergency  spillway  in  addition  to  the  principal 
sj ill way.  Design  was  leased  on  future  runoff  oonditions  in  accordance 
with  ck'velojjtient  plans  for  tlie  drainage  basin.  The  design  highwater 
for  the  lake  permits  a  3  ft  freeboard. 

The  principal  spillway  was  designed  as  a  drop  inlet  structure 
-  ng  of  a  re  in  ft  •toil  concrete  riser,  a  transition  s*ct  ion  at 

tlic  base  of  the  riser,  a  36  inch  aonduit  and  a  plunge  pool  at  the 
outlet  end  of  the  conduit.  Seven  reinforced  concrete  anti-seep  collars 
spaced  at  24  ft  intervals  were  installed  around  the  principal  spillway 
pipe  upstream  of  the  drain  trench  in  order  to  control  any  potential 
piping  problems  along  the  pipe.  Details  of  the  principal  spillway  and 
riser  are  presented  on  Plates  5  and  8  of  Appendix  I. 

A  subsurface  investigation  was  conducted  at  the  site  by  Gnaedinger, 
Baker,  HatjJton  and  Associates  during  the  initial  design  stages.  The 
investigation  consisted  of  drilling  seven  test  borings  along  the  center 
lute  of  the  dam,  two  probe  holes  along  the  pipe  line  and  eight  auger 
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■  * 

d 

'  *  '1  1  »  1  t  )  l  ]  I .  t  *  ii  1 1  it  !  I  W  .11  i  .  T<  "St  l«  <1  I  I  KJ  1  I  »JS  .  l!  k!  .1  w.  »  •  .  it  •  cl 

'•it  '-tiv  pm’ilus  for  Ijui  :kjs  n  >  tit'  .  i  1  ■  u  icj  the-  i-t  t.t .  -r  1*ih-  of  (!»■  u.im 
•<ivj  are  sltcwn  on  Plate  4,  Ajuvsidix  I.  The  genteel  in teal  rujjort, 
with  ii'Oiiiti'.'il.it  ufis,  was  j  rei*ii id  tjusrd  u;nn  the  test  Inring  .ud 
laboratory  test  data.  The  text  of  this  rqnrt  is  included  as 
App.mdix  IV. 

The  dam  as  designed  is  a  Ikiicxji -neons,  ott|  dieted- f ill  earth 
embankment  oonsti-ucted  from  ML,  CL,  SM  and  SC  materials  derived  frean 
designated  borrow  areas  and  the  emergency  spillway.  A  thin  layer  of 
topsoil  was  required  to  cover  the  embankment.  Details  of  the  dam  and 
emergency  spillway  are  provided  on  Plate  3,  Appendix  I.  A  typical 
section  of  the  embankment  and  construction  specifications  for  embank¬ 
ment  fill  materials  are  presented  on  Plate  5,  Appendix  I.  A  toe  drain 
(i.e.,  drainage  blanket)  consisting  of  permeable  filter  material  over 
a  width  of  30%  of  the  dam  height  was  roconm  nded  in  the  design  report 
for  the  downstream  toe.  Only  one  toe  dtain  consist  ing  of  6"  drainp  ij* 
as  indicated  on  Plate  6,  Appendix  I  was  constructed  beneath  the  downstream 
slope. 

The  design  report  reoernnendod  that  the  core  and  anbankment  fill 
be  placed  in  9- inch  layers  and  compacted  to  at  least  90%  of  maximum 
dry  density  in  accordance  with  ASTW  D-1557,  Modified  Proctor. 

Specifications  for  the  fill  work  provided  on  Plate  5,  Appendix  I 
appear  to  generally  ocnply  with  this  recarmendaticn . 

Design  drawings  shew  the  dan  being  founded  on  overburden  soi Is 
and  includes  a  15  ft  wide  cutoff  trench,  which  extends  the  length  of  ; 

the  dam  axis.  This  trench  has  LH: IV  design  side  slopes  and  it  was 
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ii'cannojvhad  by  the  geotechnical  consultant  that,  "Material  used  to 
construct  the  core  should  be  obtained  from  Borrow  Area  3.  This  material 


should  contain  as  much  clay  as  possible."  Details  are  given  on  Plate  4, 
Appendix  I.  The  design  report  stated  that  if  a  positive  cutoff  were 
required,  it  was  necessary  to  extend  the  core  at  least  10  ft  into  sound 
rock.  On  the  other  hand,  if  a  positive  cutoff  was  not  required,  then  it 
was  recorrmsnded  that  the  base  of  the  core  trench  extend  a  minimum 
depth  of  20  ft  below  the  base  of  the  dam.  The  drawings  give  a  planned 
depth  for  the  core  trench  of  about  10  to  20  ft.  We  understand  that 
portions  of  the  cutoff  subgrade  were  observed  by  Quible  and  Associates, 
but  that  no  written  record  of  the  subgrade  materials  is  available. 

The  emergency  spillway  was  designed  as  a  trapezoidal  channel  and 
is  located  adjacent  to  the  left  abutment.  It  was  formed  by  making  a 
cut  across  a  broad  hill  into  residual  soils.  These  soils  appeared  to 
consist  of  SM,  ML  and  CL  materials  with  assorted  amounts  of  gravel. 

The  Crestline  of  the  200  ft  wide  spillway  is  at  elevation  339  msl,  an 
elevation  which  would  have  a  frequency  of  use  less  than  once  in  50  years. 

A  design  stability  analysis  was  performed  by  Gnaedinger,  Baker, 
Hampton  and  Associates.  Details  of  this  analysis  are  presented  on 
pages  7,  8  and  9  of  the  Design  Report  (Appendix  IV) . 

Effective  strength  parameters  obtained  on  ccrrpacted  samples 
were  as  follows : 


r 

=  26° 

c  =  9  psi 

r 

=  30° 

c  =  6.5  psi 
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Stability  analyses  were  mode  for  steady  state  .uid  .-.in Hun 
drawdown  conditions  for  water  at  mix  urn  im  [xxal  level.  All  factors  of 
safety  prove  adequate  except  a  toe  failure  coirlition  of  tlie  upstream 
enfoankment  during  sudden  drawdown.  A  toe  berm  along  the  u{  stream  face 
was  reccrmended  in  the  report  but  was  not  provided.  The  design  drawings 
indicate  no  berm  was  provided. 

2.2  Oonstruction :  The  construct ion  records  were  not  included 
with  the  information  provided  by  the  Owner,  and  only  incomplete 
records  were  obtained  from  Quible  and  Associates.  No  records  of  the 
actual  embankment  materials  used,  ccr^kaction  of  fill  attained,  or 
observations  of  cutoff  trench  subgrade  materials  were  provided. 

During  a  1979  dam  inspection  requested  by  the  owner,  considerable 
erosion  at  pool  level  was  observed.  It  was  reccrmended  that  the 
riprap  be  placed  on  the  upstream  slope  to  provide  slope  protection. 

In  oonpliance  with  this  recommendation ,  J.  K.  Timmons  and  Associates, 

Inc.,  were  contracted  for  design  of  the  riprap  (See  Plate  9,  Appendix  I)  . 
The  riprap  was  installed  in  the  summer  of  1980. 

2.3  Evaluation :  Design  drawings  are  representative  of  the  structure 
and  hydrologic  and  hydraulic  calculations  were  available.  There  is 
sufficient  information  to  evaluate  foundation  conditions  and  embankment 
stability.  Recommendations  made  by  the  geotechnical  consultant,  which 
were  not  included  in  the  design  drawings,  are  as  follows: 

1)  No  riprap  was  placed  along  the  upstream  slope 
at  pool  level. 

2)  A  toe  berm  was  not  shown  for  the  upstream 
slope. 

3)  A  drainage  blanket  was  not  provided  beneath 

the  anbankment.  Instead  a  toe  drain  was  constructed. 
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SBCTICN  3  -  VISUAL  INSPECTION 


3.1  Findings:  At  the  time  of  inspection,  the  dam  was  in  excellent 
condition.  Field  observations  are  outlined  in  Appendix  III. 

3.1.1  General:  An  inspection  was  made  on  April  20,  1980.  The 
weather  was  cloudy  and  windy  and  the  temperature  was  approximately  55°F. 
Light  rain  had  occurred  earlier  in  the  morning  prior  to  the  inspection. 
Ground  conditions  were  wet  at  the  time  of  the  inspection.  The  pool  and 
tailwater  levels  at  the  time  of  the  inspection  were  332  and  280  msl, 
respectively.  The  lake  level  was  approximately  3.5  ft  below  normal. 

A  Phase  I  type  inspection  was  performed  for  the  owner  by  Schnabel 
Engineering  Associates,  P.C./J.  K.  Timmons  &  Associates,  Inc.,  on  June 
5,  1979. 

3.1.2  Dam  and  Spillway:  The  crest  and  slopes  of  the  embankment 
are  grassed  and  well  maintained.  Vegetation  along  the  emergency  spillway 
was  also  well  maintained  but  sparse.  Several  eroded  areas  exist  along 

the  upstream  face  below  the  riprap  due  to  wave  action  and  lack  of  vegetation. 
Two  stabilized  eroded  areas  approximately  20  ft  wide  and  1  ft  deep  were 
observed  on  the  downstream  slope  to  the  left  of  the  principal  spillway 
outlet.  Both  areas  were  grass  covered.  Scattered  erosion  approximately 
1  ft  wide  and  1  to  2  ft  deep  was  also  noted  along  the  right  downstream 
abutment.  This  erosion  appears  to  be  caused  by  runoff.  Scattered 
shallow  washes  or  eroded  areas  also  exist  along  the  downstream  slope 
and  within  the  lower  portions  of  the  emergency  spillway. 
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The-  pi  illegal  spillway  1  is.-r,  owl  1*  t  pi]*-  .uni  plunge  j»jo1  did 
not  rovi  al  any  s i > ;ns  of  d<-t<  i  dor.  it  ion.  The  drain  valve  on  the  intake 
structure  was  in  good  operating  condition  according  to  Mr.  F.  Webb, 
since  it  has  b vn  in  use  to  control  jool  levels  during  recent  repair 
ot  ora  t  ions.  A  six  inch  toe  drain  oat  bat  is  located  to  the  right  of  the 
outlet  pipe.  Flow  f run.  the  toe  diain  was  clear  and  ost  i rated  between 
2-4  gpm.  This  is  similar  to  flows  obsoived  in  the  1979  insjjection. 

A  continuous  wet  area  approximately  1000  ft  in  length  occurs  along 
the  left  downstream  toe  (see  Field  Sketch,  Sheet  1,  Appendix  III).  Scattered 
clusters  of  cattails  and  marsh  grass  are  present  in  this  area.  No  flow 

was  observed  except  where  natural  sloping  ground  conditions  exist.  The 
water  was  generally  clear  and  little  or  no  iron  staining  was  observed. 

This  area  was  of  initial  concern  during  the  1979  insjection.  During  that 
inspection  several  hand  auger  holes  were  drilled  along  the  left  toe  of  the 
dam  near  the  cemeteries,  beside  wet  areas.  These  holes  did  not  fill 
with  water  and  it  was,  tJierefore,  concluded  that  water  was  not  passing 
through  or  under  the  embankment  at  those  locations.  At  other  nearby 
locations  water  was  standing  at  elevations  estinated  several  feet  above 

and  beyond  the  toe  of  the  dam.  Wet  conditions  are  probably  related  to 
springs  which  were  rejjortedly  in  existence  prior  to  construction. 

Seepage  was  also  observed  along  the  right  downstream  toe  in  the 
same  area  it  was  encountered  in  the  1979  inspection  (see  Field  Sketch, 

Sheet  1 ,  Appendix  III).  Thi  s  area  reportedly  bounds  the  former  stream 
channel.  Essentially  no  erosion  was  encoutnered  on  the  embankment. 

The  presence  of  dead  trees  make  this  area  suspect  as  to  whether  this 
seepage  is  related  to  previously  existing  springs  or  in  fact  related 


/ 
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to  S' x  t »i' )< ■  luxloi  th-  t  .rixinkiiient  along  the  former  stn  am  cltannol .  The 
water  anjxjared  elcir  and  little  or  no  iron  staining  was  observed.  No 
flaw  was  obseiv'c-d. 

3.1.3  Reservoir  Area:  The  reservoir  area  was  free-  of  debr  i  s  and 

the  perimeter  was  wraxled  on  all  sides  (Overview  Pinto jraph,  Page  3). 

The  reservoir  is  located  in  a  natural  valley  with  side  slojr-s  at 
approxinately  4H:1V.  No  sediment  build-up  was  observed. 

3.1.4  Downstream  Areas :  The  downstream  channel  showed  no  erosion. 
Patches  of  cattails  were  scattered  throughout  the  channel.  The  channel 
is  approximately  3  ft  deep  and  20  ft  wide  with  2H:  IV  sick-  slojos.  Along 
either  side  of  the  channel  is  a  broad  floodplain  with  gentle  slojos. 

It  is  heavily  wooded  beyond  the-  intersection  with  the  eni-ruency  spillway 
and  discharge  channel.  The  floodplain  i s  approximately  300  ft  wide.  Two 
dwellings  located  on  Virginia  Route  f>49  at  the  Po  River  approximately  4 
miles  below  the  dam  are  situated  within  the  flood)  lain  an  a. 

3.1.5  Instrumentation:  No  instrumentat ion  (nonurents,  observat ion 
wells,  piezometers,  etc.)  was  encountered  for  the  structure.  A  staff 
gage  was  not  observed. 

3.2  Evaluation:  Overall,  the-  dam  apjeiared  to  be  in  uood  condition 
at  the  time  of  the  inspection. 

3.2.1  Dam  and  Spillway:  The  vegetative  cover  on  the  embankment 
and  emergency  spillway  appeared  to  be  well  maintained.  Vegetation  in  the 
emergency  spillway  is  sparse  and  reseeding  is  reocnnended  to  restrict 
surface  erosion.  Erosion  on  the  upstream  face  below  the  riprap  is  the 
result  of  below  norral  lake  levels.  This  erosion  is  not  considered  a 
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problem  unless  lake  levels  remain  low  and  the  riprap  begins  to  be  under- 
mi  ned .  Pros  ion  observed  along  the  right  downstream  slojx— abutment 
contact  and  also  to  the  left  of  the  principal  spillway  outlet  should  be 
monitored.  Increased  erosion  will  require  local  regrading  and  reseeding. 
The  scattered  shallow  washes  rioted  on  the  embankment  and  in  the  errx-i goncy 
spillway  elo  not  inhibit  the  satisfactory  ix-rfomance  of  the  dam  and, 
therefore,  no  spe-cial  attention  is  reconinended . 

Tin  water  observed  along  the  right  downstream,  toe  is  of  concom , 
since  it  could  represent  seej age  along  the  former  streambed.  If  this 
is  tlie  case,  the  potential  for  piping  and  embankment  failure  exists. 

The  seepage  sliould  be  monitored  quarterly  for  increased  flows  or 
turbidity.  If  these-  conditions  should  exxmir,  a  Professional  Engine?er 
with  expertise  in  deo technical  finguieoring  should  be  contacted  to 
evaluate  the-  problem  and  n«ake  re-oormendat ions  for  required  corrective 
n  isuros.  Water  ezioountt  r«d  along  the  1*  ft  downst :  <  .irr  *<k-  t»-sido-  the* 
cem.-; ei  i es  upp.ars  to  bi  related  to  s;  i  mg  activity.  No  corrective 
measures  appear  necessary  at  this  t  im  ,  but  this  area  should  also  be 
examined  pjr  uxiicul ly  to  insure-  that  nuuration  o:  saturation  and  also 
e-rosion  o:  tlx  duwnstreart.  toe  do  not  occur  in  this  area.  Sccpauc  con¬ 
ditions  observed  el.. ring  this  inspection  apjx'areu  to  very  similar  to 
conditions  noted  in  tlx  1979  insp-ct  ion.  The  pnncijal  sjillway  is 
functioning  vx?ll.  A  staff  gage  should  be  installed  to  monitor  water 
levels. 

3.2.2  Downstream  Area:  A  breach  in  the'  Pawn  Lake  Dam  during 
extreme  flocxling  could  create  a  hazard  to  the  downstream  dwellings. 


SIl'TKK  4 


-  OPERATIONAL  PROCEDURES 

4.1  Procedures :  The-  noriral  storage  ;ool  is  elevation  330. C  msl  fir 
0.1  ft  above  the  crest  of  the-  concrete  pi  inciial  spillway  drop-inlet 
riser.  The  lake  provides  recitation  as  itsj.incijal  use.  Water  joss'  s 
automatically  through  the  princi;jal  spillway  as  the-  water  level  in 
the  reservoir  rises  above  the  elevation  33r.  t>  msl .  Water  will 
also  jass  automatically  through  the  emergency  spillway  when  the-  water 
level  in  the  reservoir  reaches  elevation  339  msl.  A  30  inch  slide 
aate  valve  at  the  low  point  in  the  riser  structure  is  provided  to 
drawdown  the  reservoir  from  normal  pool. 

4.2  Maintenance  of  Dam  and  Appurtenances :  Maintenance  is  the 
responsibility  of  the  owner.  Maintenance  consists  of  inspection, 
debris  removal,  mowing  of  vegetative  cover,  and  repair .  Maintenance 
is  routinely  jerformad. 

4.3  Warning  System:  At  the  present,  time,  there  is  no  warninc 
system  or  evacuation  plan  for  the  dam. 

4.4  Evaluation:  The  dam  and  appurtenances  are  in  nood  operating 
condition,  and  maintenance  of  the  dart,  apteared  to  be?  adecruate. 

An  esnergenev  opera  t  ion  and  war  rum  plan  should  be  develop'd.  It 
is  rrcorTfTended  that  a  formal  timergency  procedure  be  prei-ared  a.K. 
furnished  to  all  ojeratinu  personnel.  This  stiould  include: 

a.  How  to  ojerate  the  dam.  during  an  emergency. 

b.  Who  to  notify,  including  public  officials,  in 
case  e vacua t ion  from  the  downstream  area  is 
necessary . 
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SECTION  5  -  HYDRAULICS /HYDROLOGIC  DATA 


5.1  Design:  Fawn  Lake  Dam  was  designed  as  a  single  purpose 
dam,  and  hydrologic  and  hydraulic  data  are  available,  including  stage- 
discharge,  stage-storage,  stage-area,  inflow  hydrograph  and  flood 
routing  data. 

5.2  Hydrologic  Records:  There  are  no  records  available. 

5.3  Flood  Experience:  According  to  Mr.  Webb,  there  have  been 
no  significant  floods  since  construction  of  the  dam. 

5.4  Flood  Potentials:  In  accordance  with  the  established 
guidelines,  the  Spillway  Design  Flood  (SDF)  is  based  on  the  estimated 
"Probable  Maximum  Flood"  for  the  region  (flood  discharges  that  nay  be 
expected  from  the  most  severe  corrbinat ion  of  critical  meterologic  and 
hydrologic  conditions  that  are  reasonably  possible  in  the  region)  , 

or  fractions  thereof.  The  Probable  Maximum  Flood  (PMF)  and  H  PMF 
and  100  year  flood  hydrographs  were  developed  by  the  HRC-1  method 
(Reference  4,  Appendix  V)  .  Precipitation  amounts  for  the  flood 
hydrograph  of  the  PMF  and  100  year  flood  were  taken  from  U.  S.  Weather 
Bureau  Information  (Reference  5  and  6,  Appendix  V).  Appropriate 
adjustments  for  basin  size  and  shape  were  accounted  for.  These  inflow 
hydrographs  were  routed  through  the  reservoir  to  determine  maxinm  pool 
elevations. 

5.5  Reservoir  Regulations:  For  routing  purposes,  the  pool  at 
the  beginning  of  flood  was  assured  to  be  at  elevation  335.6  msl . 
Reservoir  stage-storage  data  and  stage-discharge  data  were  determined 
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TABU:  5.1  -  KhSFKVOI R  PUtfURMANCF 


Hydrooraph 


Normal  100  Yr. 

Flow  Flood 


Peak  Flow,  CFS 

Inflow  4  5015 

Outflow  4  3g7 

Maximum  Pool  Elevation 

Ft,  msl  335.6  339.3 

Non-Overflow  Section 
(F.lev  34  3  msl) 

Depth  of  Flow,  Ft  - 

Duration,  Hours 
Velocity,  fps 

Tailwater  Elevation 

Ft,  msl  280.2  282 


S  I’MF 


12,473 

4,694 

34  3.1 


0.1 

1.0 

1.7 


283 


24 


5.7  Reservoir  Emptying  Potential:  A  30  inch  diameter  uatt  a* 
elevation  284  msl  is  capable  of  draining  the  reservoir  through  tin. 
outlet  culverts.  Assuming  that  the  lake  is  at  normal  fool  elevation 
(235  msl)  and  there  is  4  cfs  inflow,  it  would  take  approximately  5 
days  to  lower  the  reservoir  to  elevation  284  msl.  This  is  equivalent 
an  approximate  drawdown  rate  of  10  ft/day  based  on  the  hydraulic  hen 
measured  from  normal  pool  to  the  invert  of  the  drawdown  pipe  divided 
by  the  time  to  dewater  the  reservoir. 
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5.8  Evaluation:  The  U.  S.  Army,  Corps  of  rs'  :u. ■  i« - 1  i:»*s 

indicate  the  appropriate  Spillway  Design  Flcxxi  (SDF)  fci  .ir. 
size,  significant  hazard  dam  is  the  S  PMF  to  I’M!.  Becuus*  of  ’hi  r.Sf 
involved,  the  S  PMF  has  been  selected  as  the  SI*  .  IT*  s:  :  1  lway  will 
pass  45  percent  of  the  PMF'  without  overtop  i:m  the  :n  st  of  *h»  itr 
(90  percent  of  the  SDF).  Durmo  the-  SDf  the  ilar  will  bt  v.vrtopj**:  rr. 
a  maximum  of  0.1  ft  for  a  jrriod  of  1  hour  at  a  r*ix:mur  .••luc.ty  ,r 
1 . 7  f ps . 

Hydrologic  data  used  in  the  evaluation  u-rtams  tc  present  lay 
conditions  with  no  consideration  given  to  future  deve loi nent . 
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SECTION  6  -  DAM  STABILITY 

t> .  1  Fouiriation  and  Abutments :  Tie  dan  site  is  located 
within  the  Piedmont  Physiographic  Province  of  Virginia.  Tie  dan 
appears  to  be  founded  on  residual  soils  derived  fron  the  in-plaoe 
weathering  of  the  underlying  bedrock.  The  Geologic  Map  of  Virginia 
indicates  the  bedrock  consists  of  metamorphosed  volcanic  to  sedimentary 
nocks  and  may  include  intrusions  of  younger  igneous  rocks.  No  rock 
outcrops  were  encountered  during  the  inspection,  and  examination  of 
residual  soils  did  not  reveal  the  presence  of  any  relict  bedrock 
structure.  Scattered  rock  debris  in  the  emergency  spillway  suggests 
that  the  site  is  underlain  in  part  by  mica  schist  bedrock  and  numerous 
quartz  veins. 

The  geotechnical  consultant  described  the  soil  profile  along 
the  centerline  of  the  dam  as  varying  considerably.  The  general  profile 
reportedly  consists  of  an  upper  clay  layer  overlying  silt,  which  in 
turn  overlies  weathered  rock.  Between  the  right  abutment  and  just 
beyond  the  principal  spillway  (Station  13+00) ,  the  upper  layer  of 
silty  clay  (CL)  ranged  from  3  to  4  ft  in  thickness.  The  clay  layer 
increased  in  thickness  to  about  8  ft  in  the  left  abutment.  The  under¬ 
lying  silts  and  clayey  silts  (ML)  contained  various  combinations  of 
sand,  gravel,  and  mica.  The  test  borings  indicated  the  presence  of 
a  very  irregular  bedrock  surface.  Bedrock  (gray  sandy  shale)  was 
encountered  at  9.5  ft  along  the  former  stream  channel,  but  was  not 
encountered  in  the  left  abutment  to  a  depth  of  100  ft  (B-7) . 
Disintegrated  rock,  however,  was  present  at  depths  of  60  to  100  ft  in 
this  area .  Except  for  the  previously  described  shale,  the  disintegrated 
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ruck  and  bedrock  consisted  of  different  varieties  of  mica  schist  and 


apjjarently  included  scattered  quartz  veins. 

The  potential  for  seepage  within  the  foundation  was  recognized 
by  the  geotechnical  consultant,  since  the  construction  of  a  core  trench 
was  reoarmended  in  the  design  report.  The  general  physical  character 
of  the  overburden,  i.e.,  clayey  silt  and  silts  consisting  of  various 
combinations  of  sand  and  rock  fr accents  will  usually  allow  seepage 
to  occur.  Low  core  recoveries  suggest  that  the  top  of  bedrock  is 
generally  weathered  and  fractured,  and  therefore,  susceptible  to 
seepage.  In  situ  permeability  tests  made  in  four  of  the  seven  test 
borings  indicated  the  permeability  condition  of  the  naterials  encountered 
was  variable,  probably  from  mednm-high  to  low.  Based  upon  the  presence 
of  these  materials  the  design  report  stated  that  if  a  positive  cutoff 
were  required,  the  core  should  extend  at  least  10  ft  into  sound  rock. 

If  not,  the  core  should  extend  a  mininun  depth  of  2C  ft  below  Hu- 
base  of  the  dam. 

Gradual  consolidation  of  underlying  soils  would  be  expected  durirw 
application  of  fill  materials.  The  underlying  soils  probably  had 
essentially  fully  consolidated  under  the  applied  load  not  long  after 
completion  of  construction.  Based  upon  the  performance  history  of 
this  dam  and  the  materials  present,  a  stable  foundation  is  assumed. 

6.2  Embankment: 

6.2.1  fteterials :  The  upstream  slope  is  2.5H:1V  with  crest  at 
elevation  343  msl .  At  approximately  elevation  336.5  ml,  tlx*  slope 
flattens  to  10H:1V  forming  a  berm  for  a  vertical  distance  of  1  ft. 

Hie  slope  then  continues  at  3H :  IV  to  natural  gnxmd .  Normal  fool  level 
is  elevation  335.5  msl  or  1  ft  belt**  the  tq,  of  this  lens.  The  desuy: 
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upstjo.un  sl<4*.  Aics  not  include  .>  toe  l  »rm  us  ret'firmnlud  b.  »}*_• 
gtotivimical  consultant ,  which  would  give  the  iLir.imi]  factor  of 
safety  for  the  sudden  dr awdowi 1  uuiiii t  lun.  'Hr  downstrean  slope  is 
2 .  5H :1V.  A  15  ft  wide  sloping  cure  tnaich  With  LH:1V  side  slo[*is 
is  piovidtd  lA'jxatJi  tJie  einlxinlaTient .  A  typical  section  of  the  dan 
is  lnclaiod  on  Plate  5,  Aiifjendix  1.  'Hie  core  and  ciriiankmert  rraterial 
is  designated  Zone  A  and  is  sjecifiud  to  consist  of  "plastic  or  shtu- 
i  last ic  silts  anil  clays."  A  thin  blanket  of  topsoil  or  Zone  B  material 
•was  siecitieri  as  cover  for  tlie  Zone  A  soils.  Al though  two  zones  are 
identified,  for  stability  purjuses  tins  dan  is  considered  a  homogeneous 
structure.  Fill  nuterial  descr i|>t ions  and  ccnpact ion  requirements 
.ire  alsc  given  on  Plate  5,  Ai^ondex  I. 

Subdr  an  is  aid  See;  -age :  A  drainage  blanket  covering  the 

downs ti < xim  area  in  width  txaial  to  at  least  30i  of  the  dam  height  was 

:  tonr»‘.’id«*J  Ir,  tiw  cent ecfini cal  consultant.  However,  the  design 

iMw  i.i.n  ..'ii  i cat  e  -rvat  only  a  tot-  drain  was  provided  to  control  the 

;<irtat;c  level  through  the  enoankment .  Drainage  details  are  pro\'ided 

>'■  Piatt  *  of  Aj  4  lend  ex  I.  The  six-inch  drain  was  discharging  2-4  gpn 
•.!  a:  :  um  lu.n:  '.lx  .nsj^-ct  ion. 

**  riowi ng  seeixiue  was  observed,  however,  saturated  areas  supporting 
marsh  ir.iss  and  cattails  were  observed  along  the  downstream  toe  of 
tlx  tmbinkmrit  .  Saturated  conditions  were  encountered  along  the  left 
dwnsti e.irr.  toe  fnn  the  northernmost  cemetery  extending  southward 
ujw.uu  t‘«  outfall  structure  (see  Field  Sketch  1,  Appendix  III). 

Hustur*  or  see;«ge  a; ^ * -ared  to  be  confined  to  the  area  occupied  by 
rursr  ri  is*.  .ud  ti  arias  lmidiately  to  the  east.  The  water  often 
t,<*  .iro:  t.».iT,.int  uii  only  s*xr*d  to  flow  in  definite  sloping  areas . 
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Little  or  no  iron  staining  was  observi>d  in  this  area.  Wet  areas  are 
probably  related  to  springs  which  reportedly  existed  prior  to  construct  ion. 

Moisture  or  seepage  was  again  encountered  along  the  right  down¬ 
stream  toe,  but  only  between  Stations  21+00  and  19+00,  where  the  seepage 
path  bends  southward  along  the  woodline.  Marsh  grass,  cattails  and  dead 
trees  are  present  in  this  area.  The  seepage  is  either  related  to 
previously  existing  springs  or  seepage  under  the  embankment  along  the 
former  stream  channel. 

6.2.3  Stability :  Hie  dam  is  6  3  ft  high  and  has  a  crest  width 
of  approximately  17  ft.  Side  slopes  are  2.5H:1V  on  the  downstream  side, 
and  2.5H:1V  to  3H:1V  on  the  upstream  side.  A  10  ft  wide  berm  exists  on 
the  upstream  slope  at  approximately  El  336.5,  separating  the  slightly 
steeper  upper  portion  of  the  embankment  from  the  less  steep  lower  portion. 

Design  stability  analyses  (see  p.  7-9,  Appendix  IV)  were  performed 
by  the  geotechnical  consultant  for  steady  state  and  rapid  drawdown 
conditions  for  water  at  maximum  pool  level.  The  Bishop  method  of 
slices  was  used  for  the  analysis.  Two  triaxial  tests  were  performed 
using  on-site  soils  proposed  for  use  as  embankment  fill.  The  effective 
strength  paramters  obtained  are  as  follows: 


r 

=  26° 

c  =  9  psi 

r 

=  30° 

c  =  6.5  psi 

For  the  upstream  slope,  the  factors  of  safety  for  a  deep  circle, 
slope  stability  failure  for  water  at  maximum  pool  level  and  steady  state 
conditions  was  approximately  2.5.  A  factor  of  safety  of  approximately 
1.55  was  calculated  for  rapid  drawdown.  Again  for  the  upstream  slope. 
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analysis  for  a  toe  failure  for  water  at  maximum  pool  level  and  steady 
state  conditions  indicates  a  factor  of  safety  of  approximately  2.3. 

A  factor  of  safety  of  less  than  1  was  calculated  for  the  rapid  drawdown 
condition.  For  the  downstream  side  of  the  dam,  the  analysis  for  a 
toe  failure  slide  indicates  a  factor  of  safety  of  4. 

6.2.4  Seismic  Stability:  The  dam  is  located  in  Seismic  Zone  2. 
Therefore,  according  to  the  Reccmcndod  Guidelines  for  Safety  Inspection 
of  Dams,  the  dam  is  considered  to  have  no  hazard  from  earthquakes 
provided  static  stability  conditions  are  satisfactory  and  conventional 
safety  margins  exist. 

6.3  Evaluation:  An  accurate  check  on  the  stability  of  this 
structure  can  be  made  frcm  the  available  design  data  (Appendix  IV) . 

The  data  reviewed  were  found  to  be  acceptable.  The  stability  analysis 
for  the  downstream  slope  under  steady  seepage  conditions  indicates  a 
factor  of  safety  of  4.0.  This  value  exceeds  the  reccrmended  factor  of 
safety  of  1.5  included  in  the  Reccxrmendod  Guidelines  for  Safety 
Inspection  of  Dams,  Reference  1,  Appendix  V.  Dor  the  upstream  slope  a 
factor  of  safety  of  1.55  was  calculated  for  a  deep  circle  failure  for 
rapid  drawdown.  This  exceeds  the  recormended  factor  of  safety  of  1.2 
included  in  Reference  1,  Appendix  V.  A  value  of  less  than  1.0  was 
reported, considering  a  toe  failure  under  the  rapid  drawdown  condition. 
This  value  is  less  than  that  reccrmended  in  Reference  1.  Factors  of 
safety  of  2.5  and  2.3  were  recorded  for  upstream  steady  state  conditions 
assuming  deep  seated  and  toe  failures,  respectively. 


Although  no  undue  settlement  cracking,  or  seepage  was  noted 
at  the  time  of  the  inspection,  and  the  anbankment  appears  adequate  for 
maximum  pool  level  with  water  at  elevation  339.9  msl,  toe  failure  of 
the  upstream  slope  could  occur  if  the  water  level  is  drawn  down  rapidly. 
Since  the  factor  of  safety  for  steady  scate  conditions  (water  at 
normal  pool)  is  very  high  at  2.5,  we  believe  that  considerable  lowering 
of  the  lake  at  a  rapid  rate  would  be  required  to  lower  the  factor  of 
safety  to  that  approaching  failure  conditions.  Assuming  these 
circumstances,  although  damage  to  the  embankment  would  occur,  the 
risk  of  detrimental  downstream  flooding  due  to  the  rapid  drawdown 
condition  is  not  likely  since  (1)  the  lake  level  at  the  time  of  failure 
would  be  very  low  and  the  volume  of  water  greatly  reduced,  and  (2)  a 
breach  in  the  dam  through  nearly  its  entire  depth  would  be  necessary 
for  the  water  bo  discharge.  Nevertheless,  because  the  maxirrum  rate 
of  drawdown  which  is  possible  through  the  principal  spillway  is  considered 
"rapid"  for  the  type  of  embankment  soils  used,  we  reocmnend  as  a 
precaution  that  any  draining  or  lowering  of  the  lake  level  be  done  such 
that  the  rate  of  lowering  does  not  exceed  6  inches  per  day  to  preclude 
any  possible  upstream  toe  failure.  If  it  is  anticipated  that  this  rate 
must  be  exceeded  in  the  future,  or  cannot  be  tolerated,  a  berm  on  the 
upstream  toe  most  be  provided  in  accordance  with  an  acceptable  design. 

Overtopping  is  not  considered  detrimental  to  the  dam  with  respect 
to  erosion  because  of  the  shallow  depth  and  short  duration  of  flood.  Also 
the  velocity  is  considerably  less  than  6  fps,  the  effective  eroding 
velocity  for  a  vegetated  earth  embankment. 
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SECTION  7  -  ASSESSMEOT/ItflMEDIAL  MEASURES 

7.1  Dam  Assessment:  Fawn  Lake  Dam  at  the  time  of  inspection 
appeared  to  be  in  excellent  condition.  The  appropriate  SDF  for  this  dam 
is  the  h  PMF.  The  spillway  will  pass  45  percent  of  the  PMF  (90  percent 
of  the  SDF)  without  overtopping  the  crest  of  the  dam.  Flows  overtopping 
the  dam  at  1.7  fps  during  the  SDF  are  not  considered  detrimental  to  the 
embankment  with  aspect  to  erosion.  The  spillway  is  rated  inadequate,  but 
not  seriously  inadequate. 

The  actual  embankment  structure  appears  to  be  siirlar  to  the  "design" 
drawings.  However,  the  design  did  not  incorporate  an  upstream  toe  berm 
to  provide  an  adequate  slope  safety  factor  for  the  rapid  drawdown 
case.  Although  the  design  factor  of  safety  for  steady  seepage  meets  the 
requirement  of  Reference  1,  Appendix  V,  the  factor  of  safety  for  rapid 
drawdown  of  the  upstream  embankment  is  inadequate.  The  stability  of 
the  dam  is  considered  adequate  for  its  present  condition  and  at  normal 
jxx)l  level,  but  inadequate  for  the  rapid  drawdown  condition. 

7.2  Recomnended  Remedial  Measures: 

7.2.1  Bnergency  Operation  and  Warning  Plan:  It  is  recomnended 
that  a  formal  emergency'  procedure  be  prepared,  prominently  displayed, 
and  furnished  to  all  operating  personnel.  This  should  include: 

1)  Hew  to  operate  the  dam  during  an  emergency. 

2)  Who  to  notify,  including  public  officials,  in  case 
evacuation  from  the  downstream  is  necessary. 


-28- 


7.2.2  Any  future  lowering  or  draining  of  the  lake  should  be 


at  a  rate  of  less  than  6  inches  per  day  in  order  that  a  "rapid  draw¬ 
down"  condition  does  not  develop.  If  this  is  not  acceptable,  it  will  be 
necessary  to  construct  a  properly  designed  toe  berm  for  the  upstream  slope. 

7.3  Required  Maintenance: 

7.3.1  A  staff  gage  should  be  installed  to  monitor  water  levels. 

7.3.2  The  emergency  spillway  should  be  reseeded  in  order  to 
establish  a  better  stand  of  vegetative  cover.  This  will  minimize  future 
surface  erosion. 

7.3.3  Eroded  areas  or  washes  along  the  right  downstream  slope- 
abutment  contact  and  also  along  the  toe  of  the  downstream  slope  should 
be  examined  during  the  normal  maintenance  schedule.  Increased  erosion 
may  require  local  grading  and  reseeding. 

7.3.4  Seepage  observed  along  the  right  downstream  toe  should  be 
monitored  quarterly  for  increased  flows  and  turbidity.  It  these  conditions 
should  occur,  a  Professional  Engineer  with  an  expertise  in  Geotechnical 
Engineering  should  be  contacted  to  evaluate  the  problem  and  make  re- 
oorrmendations  for  required  corrective  measures.  The  inportance  of  this 
precaution  cannot  be  overemphasized  since  seepage  occurring  along  the 
former  stream  channel  poses  a  potential  for  piping,  and  thus  embankment 
failure.  Seepage  observed  along  the  left  downstream  toe  appears  to  be 
related  to  spring  seepage,  however,  a  periodic  examination  of  this  area 

is  suggested  to  insure  that  migration  of  saturation  and  erosion  of  the 
downstream  toe  does  not  occur  here. 


-29- 


TKrrnRicKSBUHG 


■  Vi 


«/  ^*.**'^ 


-  *9» 


/ /  \  s,  “J"'**- " i  -.-.  A-'.;'  ,  ^/X 

:/W/  .  V  -V7T  /  ';v,  • 

,yx  'ri  .v*  v.i  'X-  -■  ■ 

'•  •'SA -A  -■’•■  •' ■  y  ”7-v 

-.xv.^Ns-.  /  - 


t  I'f.hu  h^HlTO  -  S|MII>1  I  \  aMA 
NAUuVAi.  kfVUlAMY  Min  .. 


-  A  yXv 

•  *'■  o-  : 


'S'  y  ' 

,<  -'V 

•^F>  <T  *7  *l4'T>iHonk  I  \ 

t  >'  **  **«*•!  ) 

A  //#  •■  ,  '  'V 


^  Y’^.  ,  ('4KiksU»%n  • 

•'  %X*.  V-  • .-  • ' 


^  V 

A\  1 


<$SV, 


?t'v 


'  K  ’  Zr  '  ' 

*X/  -  / 


,  -  s 

',  >'H>:llkKlt  KSHI  Hi.-SHljTsYiAANW 

NATIONAL  MIUTAHV  **aRK 


/ 


.J*?  ( 


S-  W’  ^ 

a?  sv-:-r^  ^ 

- '  .  A.  /  .  V  /.-* 


1  '  iA«  -  V 

\  '"S 

‘-■■O  I*  '  / 


-  ;  V 


L-~-~y  s. 


V  ■  \  .  >«\ 

^  ^  ^  ' 


/  r._  r\ 

t-  I  /J 


«  * 

-  ?  Vj  a  ... 
y  P  A 

'4  A  ..  • 

V  /  /'  \\ 

Y  'A  /, 


Y^A; 


*Y  u 


-  -  ‘  • 


:A\rvvg:ttr 

AT  E  NO.  I  \ 

SCALE  =l“*  2,000  M 


a 


K&JS 


i 


CHANCELLORSVILLE,  VA. 

N3815  — W7737  577  5 


// 


SEVE^i  PINES 
SUBDIVISION 


BRANDYWINE 

SPRIN6S 

SUBDIVISION 


PLATE  NO. 5 

'  f  l*.  rvi'?v.*  s 


•  ■  .is 


PLATE  NO.  6 


.n*Tu«#i  tuamtu  $err*m 


PLATE  NO.  7 


DETA1LS-SCOUR  HOLE.  HEADWALL,  GATE  a  WEIR_ 

FAWN  LAKE  COMMUNITY 

AMERICAN  CENTRAL  CORPORATION 


TCP  PL  UK 


:t/q#  a  a 


SICT'OA  g  J 


PLATE  NC.  8 

RISER  DETAILS 

FAWN  LAKE  COMMUNITY 


j _ u _ L  ±. 


i  t  irr| 


aii  or-» 


Photograph  No.  7  -  Plunne  ^ool 
and  'Xitlet  ('tiannel 


k 

> 


l 


APPENDIX  III 


FIELD  OBSERVATICt'B 


/ 


Check  List 
Visual  Inspection 
Phase  I 


/ 


T-III 


oi  a  p 
tn  v  o 
jj  a  a  c 

8-13  &  'g 


a;  aj  s 
"O  'H  o 

•H  .Q  rH 

'a]  ^  -p  to  B 
-P  -w  w 

<g  >  0  tj  <u 
S  «3  3  ffl  3 

■12 « a* 
a  q5  a  | 

Qi  -P  Qj  3 
O,  C  rU  JO 
(ti  rd  O 

a)  in  CD 
a)  w  tn  gj  ^ 
C  «3  gj  a  tn 

(o  itj  Qj  0  H 


■8-8  § 
•M  -H  -u 
cn  w  tn 


a 


1 


a 

w 

■8 


6 
M 
E  < 


/ 


III-8 


ITT- 10 


,  1  -  \  i »ij  A  ’ ■  ' *  .  •  ^  i  I  “ ^ 

c  ON'-MUlNb  \  Ni.lM  I  KS 

*.OH.  K*  c  <  H.’.Ni;  S  AND  f  O'.'NI  A  I  lnNfj 


('AWN  LAKE.  DAM  FiELD  SKETCH  No  2 


<t  to  o  u 


/ 

/;  r  t  i :  "  i_  .<  •  ^  / 

>«  *•  I  NO  Si  !  1  ^  s' 


r  n 


f-  AC  L  IN  .  S  T  1  C«^  1  !  v.^  4 
A*  rL  I  -CAN  DiNTRAL^  DAM  1  T£ 

S t-»0T_5  Y L VA\  I A  c 0  J  <  rY^__  VI  fc GP  •  I A 


JOB  f>0 .  29^5 


/ 


> 


I 


£'  ’•'?  ' : f  k- ••  -:s  ;ki  r:"  ms  r 

*  »,  /  .  I  is  •  ■  ,  .  «  •  .  , 

■  ‘  A  f.  ,  ,* 


Quit 

le  £,  A 

;  a  * 

t-s  Inc 

. 

P.  0 

.  Fox 

217 

('has 

e  City 

.  Virgi 

r:  i  a 

At  *  e 

nt i on : 

Mr.  V. 

a  rv  i  n 

L.  Crutch 

field 

R  v 

rence : 

Sub  Mir f ace 

i  n  v  t*  s  t  i  £  a 

t i on  for 

the  proposed  American 

Cent  r 

al  bar. 

site,  5;> 

c>t  s yl  van : 

;  a  County,  Va. 

GP.M 

Job  No 

.  16181 

SCI 

Job  No 

.  294S 

! 

Gent  lemen: 

The  subsurface  investigation  for  the  proposed  American  Central 
bar  site  to  be  located  in  Spotsylvania  County,  Virginia,  has  been 

:  '-d.  be  are  :  iJ-  ■  t  *  :  r;g  ,  :  «.  :  •:*» ;  tfc,  •.  ,.r  :  i  •  e r i  ng  report  with 

results  of  that  investigation. 

If  there  are  any  questions  with  regard  to  the  information  submitted 
in  this  report  or  if  we  can  be  of  further  service  to  you  in  any  way, 
please  do  not  hesitate  to  contact  us. 


Very  truly'  yours, 

GNAEPINGER  BAKER  HAMPTON’  §  ASSOCIATES 
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a!. mg  the  i  ij>e  lire  and  eight  auger  holes  M’.l.ir.  the  borrow  areas  were  r- 
fcr-ed.  The  deep  borings  were  completed  on  April  6,  1973,  \ anger  holes 
and  probe  holes  were  conducted  on  January  16,1973  and  March  29,  1973, 
respectively.  The  results  of  these  borings,  along  with  a  location  diagram, 
are  included  in  the  appendix  of  this  report. 

The  site  inspection  revealed  the  area  to  be  rolling  w;th  a  maxi  run. 
difference  in  elevation  of  approximately  80  ft.  In  the  vicinity  of  the  proposed 
dam.  the  land  has  been  used  primarily  for  farming.  Vegetation  consists  of  prasse 
1  rushes,  rc  t  r-.es.  It  is  our  ur,vt  :>*.  an:'  i  ng  that  this  site  will  be 
developed  as  a  recreational  home  site. 

SUBSURFACE  INVESTIGATION  hF.OCEDURSS 

The  borings  were  performed  with  a  shid  mounted  rotary  drilling  rig 
which  uses  various  cutting  bits  and  wash  water  to  advance  the  bore  holes. 

Steel  casing  was  used  to  beep  the  bore  holes  open  during  the  boring  operation, 
and  in  the  pressure  testing  operations.  Representative  soil  samples  were 
obtained  by  means  of  split-barrel  sampling  procedures  in  accordance  with 
ASTM  Specification  D-1S86  (see  appendix).  In  the  split-barrel  sampling 
procedure,  a  2  in.  O.D.  (  1  3/8  in.  I.D.)  split-barrel  sampler,  2  ft.  long,  is 
driven  into  the  soil  by  means  of  a  140  lb.  hammier  with  a  free  fall  of  30  in., 
and  the  number  of  blows  of  the  hammier  required  to  drive  the  sampler  1  ft. 
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The  testing  program  consisted  of  performing  the  liquid  lir.it,  the 
plastic  lir.it,  gradation,  cor  pact  i  on ,  consolidation  and  triaocial  tests.  The 
]  i  ti-ji  d  licit  of  the  soil  is  the  water  content  at  which  the  soil  passes  from  a 
plastic  state  to  a  liquid  state.  The  plastic  liir.it  of  a  soil  is  the  r.  ini  rear. 
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.  ■  •  c  a  ring  U-  •  ltd  ..'ially  no-ier  c  .-.stant  struts.  For  each  1  c  a  d  i  r.g 

r.t  the  i.-.te  of  lich;:  atior.  was  recorded.  The  results  of  the  ccr.scl  i  cat  i  oh 
•  - :  t  re  •  d  t  c  dtt  .  r:  .nr  s  t 1 1 1  •.  •  -.r t  s  .  Two  tri  axial  si  ear  tests  were 
.  •  mut'd.  r  . ,  :  •  •  t t  i  %  e  soi  1  s.  vies  from.  the  p:  op  used  her  row  areas  were 
ld-.d  acted  i.i-ar  the  optimum  moisture  content  and  dr)'  density  to 

a  cyl  i:  der  of  so.]  a;  ore .•  : m  at ely  3  in.  in  length  and  1.41  in.  in 
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'nr  rmrrar.e.  Ti.ese  cylindrical  sar.pl es  were  confined  by  fluid  pressure  and 
leaded  axially  until  the  soil  sarnies  failed.  Fefore  the  samples  were  tested, 
they  were  saturated,  by  rcans  of  5  bach  pressure,  arid  permeability  tests 
were  conducted.  All  test  data  are  noted  in  the  appendix  of  the  report. 

In  cc  :;j  ..nc  t  i  on  with  the  testing  jrograr. ,  all  samples  were  visually 
classified  on  the  basis  of  texture  and  plasticity  in  accordance  with  the 
Unified  Scil  Classification  System.  The  estimated  group  symbols  according 
to  this  system  is  included  in  the  parentheses  following  the  description 
of  the  soil  on  the  boring  logs.  A  brief  explanation  of  the  Unified  Soil 
Classification  System  is  included  in  the  appendix  of  this  report. 
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Sl'r.SlJKFACE  CON D  i  '1 1 ONS 

The  in  sit^u  soil  conditions  e-ncoujit  :  ed  in  the  subsurface 
investigation  of  the  Fawn  Lake  Pa.ii  will  be  discussed  under  the  following 
subheadings:  Subsurface  conditions  along  the  centerline  of  the  dam, 

subsurface  conditions  along  the  centerline  of  the  overflow  pipe,  and 
subsurface  conditions  in  the  borrow  areas. 

Subsurface  conditions  along  the  centerline  of  the  cam.  The  soil 
profiles,  based  on  logs  provided  by  Soil  Consultants,  Inc.,  from,  the  results  of 
the  7  borings  performed  along  the  centerline  of  the  dan,  vary  considerably. 

The  subsurface  soils  consist  generally  of  clays,  silts,  and  weathered 
rock.  In  general,  the  clay  overlies  the  silt  which  in  turn  overlies 
the  weathered  rock.  Results  of  boring  E-2  is  fairly  typical  of  the  results 
of  borings  B-l,  B-3,  B-5,  and  B-6.  At  boring  location  B-2  the  surface 
stratum,  which  consists  of  grayish  brown  stiff  clay  with  traces  of  sand 
and  quart;  gravel,  is  approximately  5  ft.  thick.  From  a  depth  of 
approximately  3  ft.  to  53  ft.  below  the  existing  surface,  there  occurs  a 
grayish  brown  tough  to  very  tough  silt  with  traces  of  sand.  From  a  depth 
of  approximately  35  ft.  to  approximately  52.2  ft.  there  occurs  a  hard 
brown  silt.  From  52.5  ft.  to  60  ft.  a  gray  chlorite  schist  was  encountered. 

The  distinguishing  feature  of  boring  B-4  is  the  occurrence  of  gray  sandy 
shale  at  a  depth  of  approximately  9  ft.  below  the  existing  surface.  This 
shale  was  cored  to  a  depth  of  19.5  ft.,  at  which  point  the  boring  was 
terminated. 

The  soil  profile  at  boring  location  B-7  varies  somewhat  from  that  at 
boring  location  E-2.  At  boring  location  B-7  the  surface  stratum,  consists  of 


28  ft  . 


ro  rc-xir  ately  28  ft.  of  red  silty  clay  nth  tracts  cf  gravel.  Fr  cm. 
to  48  ft.  below  the  existing  surface  there  occurs  a  tough  purple  silty 
clay  with  traces  of  gravel.  Freer.  to  70  ft.  below  the  existing  surface 

occurs  a  tough  reddish  brown  and  black  clayey  silt  with  a  trace  of  gravel. 

From  72  ft.  to  100  ft.  below  the  existing  surface,  a  tough  pink  clayey 
silt  with  a  trace  of  fine  gravel  was  encountered. 

Subsurface  condi  tl ons  al or.g  the_  centerline  of  the  pipe.  It  is  our  under¬ 
standing  that  the  overflow  pipe  will  be  laid  in  the  vicinity  of  boring 
E-4.  Two  probe  holes  FH  1  and  PH  2  were  conducted  perpendicular  to  the 
centerline  of  the  cam  in  the  vicinity  of  boring  location  E-4.  The  results 
of  probe  hole  1  indicates  that  the  surface  stratum  consists  of  yellow 
weathered  rock.  From  a  depth  of  5  ft.  below  the  existing  surface  a  split- 
spoon  sample  was  taken.  The  blow  counts  for  this  sample  was  SO  blows  per 
.2  ft.  At  probe  hole  location  i'H  2  the  u.rb.;-  st :  .tut  consists  of  silty 
clay  with  some  sand  and  gravel.  From  a  depth  of  2.S  ft.  to  5  ft.  below  the 
existing  surface  there  occurs  silty  sand  and  gravel.  At  this  location,  a 
split-spoon  sample  was  taken  at  6  ft.  and  the  blow  count  was  50  blows 
per  .2  ft.  The  soil  encountered  was  a  gray  brown  silty  sand. 

Subsurface  conditions  in  the  borrow  areas.  Hand  auger  holes  A-6,  A-7  and 
A-S  were  performed  in  Borrow  Area  1.  The  results  of  hand  auger  hole  A-6  is 
fairly  typical  for  the  soils  encountered  in  this  borrow  area.  At  this 
auger  location,  the  surface  stratum  consists  of  approximately  2  1/2  ft.  of 
soft  yellow  and  brown  silty  clay.  From  a  depth  of  2.5  to  6  ft.  below  the 
existing  surface  is  a  firm,  yellow  sandy  clay  which  contains  a  trace  of  gravel. 
From  6  ft.  to  15  ft.  below  the  existing  surface  there  is  a  red  and  brown 


micaceous  sandy  silt. 
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Auger  holes  A-l  and  A- 2  v,tre  conducted  in  Borrow  Area  2.  At  auger 
location  A-l,  from  a  depth  of  0  to  4  ft.  below  the  existing  surface,  a  red 
silty  clay  occurs,  and  from  4  ft.  to  10  ft.  below  the  existing  surface  is 
a  red  silt.  At  auger  location  A-2,  from  the  surface  to  a  depth  of  approximate! 
10  ft.,  a  red  and  brown  sandy  silt  exists. 

In  Borrow  Area  3,  auger  holes  A-3,  A-4  and  A-S  were  performed.  The 
results  of  the  auger  borings  in  borrow  area  three  indicate  a  wide  range 
in  subsurface  conditions.  For  example,  at  boring  location  A-3  there  occurs 
approximately  1/2  ft.  of  gray  topsoil  which  overlies  a  red  sandy  clay 
with  a  trace  of  gravel.  From  a  depth  of  5  to  8  ft.  below  the  existing 
surface  there  occurs  a  sand  and  gravel  with  a  trace  of  clay.  From  8  to 
15  ft.  below  the  existing  surface  there  occurs  a  red  and  brown  clayey 
silt.  At  auger  location  A-5,  the  surface  stratum,  which  is  approximately 
1  ft.  thick,  is  a  brown  silty  clay.  This  stratum  overlies  a  red  silty 
clay  to  a  depth  of  approximately  10  ft. 

The  specific  soil  conditions  encountered  at  each  boring  and  auger 
location  are  indicated  on  the  boring  logs.  The  stratification  lines 
represent  the  approximate  boundary  between  soil  types;  in  situ  the  transitions 
may  be  gradual. 


ANALYSES  6  RECO'T E N DAT  1  ON'S 


For  convenience  the  analyses  and  recommendations 
under  the  following  subheadings:  Stability  of  slopes, 
and  Construction  problems. 
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will  be  discussed 
Dam  construction. 


ft  avi lity  of  :  ! o:  es. .  7.  .'a 1 i  on  i  f  the  ?  tahility  of  a  dam.  has  two 

.pvnents  --  'U-;e  stabi  lity  analyses  and  .v.nly-es  of  the  stabi  lity 
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2.  awing  in-';  .  ..tef  that  the  v  ;  f.th  of  the  d..;r.  at  the  top  will  be  rev '  -  at 
20  ft.  The  dc .- ..>t  rt  am  5 1  c-t  v  of  the  da.-,  will  be-  1  \ertical  to  2.5 

ri rental ,  .-.no  the  .>  t .  e  a.-  s’.:-  ;.b;  \c  t’-v  -Aiatm  pool  elevation  will 
be  1  vertical  to  2-5  horit.rtal.  re  low  the  free  bc-ard,  this  slope 
will  be  1  .  e  rt :  c  a  1  to  5  h  ;ia,r.-al.  On  the  upstream.  side  of  the  car.. 


it  the  level  cf  the  aforementioned  breah  in  slope. 

In  order  tc  dot .  r.  i  ns.  *he  slope  stability  cf  this  cross  section,  two 
:rl  .a?  i  al  t  >t  s  -  re  :  .  :  h  .  -.  2  i  :  '  e  re  '  :  I  ;  :  t 1  e  far 


construction  of  the  d.ur.  One  tri axial  test  was  perforred  using  rate-rials 

from.  samples  mari.ed  A-5-1,  A-3-2,  A-4-1,  and  A-5.  based  on  laboratory 

compaction  test  data,  these  samples  were  thoroughly  mixed,  the  moisture 

content  adjusted  to  16h,  and  the  triaxial  test  specimen  compacted  to 

a  dry  consity  ot  110  pcf.  retort  triaxial  testin'-,  the  s-recir.cn  was 

saturated  and  permeability  tests  conducted.  Under  a  hydraulic  gradient  o 

-  4 

5  psi,  the  measured  perm. cab: lity  was  2.3  x  10  centimeters  per  second 
and  under  a  hydraulic  gradient  of  10  psi  the  measured  permeability  was 
3  x  10~4  centimeters  per  second.  The  compacted  soil  sample  for  the 
second  set  of  triaxial  tests  was  composed  by  mixing  equal  parts  of  soils 
from,  auger  holes  A-2  and  A-7.  These  samples  were  mixed  at  a  moisture 
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r  .  -  the  logs  :* rot  the  '■tier,  borings  race  o. I  - : i £  the  centerline 

f  ••...■  '  re  h  no  :r  ••  I •  r.  vlth  r-.  to  stability  of 

the  d.tr.  f  hit :  tr. .  Th.s  ;«■  •_  s  that  the  area  c<  .e  red  by  the  car.  will  be 
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of  the  dar.  will  result,  however,  cue  t  -  compression  of  the  car  f:  irndst  i  or. 
under  the  weight  of  the  d 'it:. .  Settle-rent  of  the  car  itself  car.  al'-c  be 
expecced  due  to  its  own  weight.  As  a  result  of  the  \ariation  ir.  height 
of  the  car.  along  its  centerline,  settler ont  of  tl  c  d.i r  will  be 
uni  forr.  and  cracting  will  result  if  the  r.Jt,n:tude  c:  the  d.  f  fe  ;  •  r.t  :  al 
settlement  becomes  too  large.  It  is  possible  to  reduce  the  bet :  ir  *.  r.t  a  1 
effects  due  to  c  mewing  caused  by  ciffe  rer.t  tal  «-ett  le:  •.  ot  by  u<-  .r.g  •  •  r*  a : 
construction  techniques.  These  techniques  are  uu-uc  in  si.'si  .  unt 
recornendat  i  ons . 

[>\v  ro'.'-,,'.  ;  i  ON 

The  Core.  If  a  positive  cutoff  is  required ,  the  core  of  the  dar  rust 
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extend  at  least  10  feet  into  the  sound  rod.  noted  on  the  boring  logs. 

The  depth  to  this  stratum,  varies,  based  on  available  subsurface  inforr.aT i on , 
from  30  ft.  to  ii.^re  than  100  ft.  below  the  existing  ground  surface,  depending 
upon  location,  found  rock  was  not  encountered  in  boring  B-7,  which  extended 
to  a  depth  of  100  ft.  The  apprexirate  depth  to  the  surface  of  rock  which 
would  permit  a  positive  cutoff  is  presented  in  Table  1,  in  the  appendix. 
However,  final  elevations  of  the  base  of  the  cutoff  trench,  bottom  of  the 
core,  rust  be  conflicted  in  the  field. 

If  seepage  under  the  dan  is  permissible,  i.e.,  a  positive  cutoff  is  not 
re  qui  red,  it  is  recc  -  tended  that  the  area  on  which  the  core  is  to  be  placed 
re  st  ripped  to  a  r  i ■  r  .ct  depth  of  TO  feet  below  the  base  of  the  cam,  at  all 
points.  However,  in  the  vicinity  of  boring  B-4 ,  where  the  overflow  pipe  will 
rest,  it  is  re^  .. -tenet.  b.  d  that  the  >-tri::ir.g  for  the  central  core  cutoff  continue 

the  boring  log. 

Tr.e  cc  re  *  huul  -.i  be  constructed  with  a  width  of  40  percent  of  the  tr.axirur 
st-  .«-i\  st  it*  water  h-.ad.  c;<:es  of  th<  e>  .  a.at  i  or.  for  the  cutoff  « hould 
be  s  l-.-pei  to  {  revet  t  ..at  ins.  a  f  t  e  r  tie  c  >  ..  a  .  >t  :  or.  for  the  tore  hat  leer. 

i : .  J  '  ■  f  re  ;■  ;  the  •  .  .  .  .  .  t  '*.  •  ,.t  f.-.  -S 
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available,  it  can  be  obtained  fro;:,  another  s  i  t  c- 


:  e  of  the  c:.  s ite 


material  can  be  mixed  with  t.-.ntuiii  te  to  |  tovide  a  :o  :  e-'tt  Serial 
sufficiently  lew  in  p-.- ;  abi  li  ty .  If  the  latter  a.p;;  nuh  is  •  -n, 
additional  laboratory  testing  will  be  ;e.,tii  red  to  establish  the  an;  ;  ■apr  i  at  e 
percent  ages  of  each  r  at  eri  al  to  be  used.  In  a-iition,  it  would  be  d-s  i :  able 
to  have  these  materials  mixed  tl.in.ugh  aba'ch  p  l.-.r.t  c-p-.  rat  ion.  He*t  \er, 
with  careful  field  control,  satisfactory  mixing  could  be  a-.hieved  by  the  use 
of  discs  and  harrows. 


Earthwork  ■  It  is  essential  that  fill  used  to  c::ut:uwt  the  Jar  be  placed  in 
accordance  with  the  r.irri::  .»  ity  cri  tori  or:  .-.r.d  in  the  ran.e  of  ;  ;  is  fire 
contents  j  resorted  su'tse  .u-.-ntly.  Close  control  ever  ail  asj.ee  t  s  cf  t  a:  th- 
rc-\  i  nr  and  r  I  arete:. t  coe  rat  i  or:s  is  or  s<.-r.  t  :  a  3 .  for  this  reason,  it  is 


■:  c  f  a  ^  1 


Considering  variation  ir,  potential  borrow  rate  rial,  before  any 


■d  in  the  iar. ,  it  :•  hoi:  1  d  1  e 


•  d  1  v  a  soil  t  e  r . 


e  t  -.1  tr  to  :  .  •> .  e  t n e  .".w  r  t-  c :  ' . e -■  i  *  e  r o  r ;  o  w  t  a t  -  r .  a  1  s  in  the 

,  as  cl*-.  r,  and  :  n-J  the  :  ,;c  which  'ill  ;  ass  thro./ 


i.g  .  In  eider  te  ;.  1  art  the 


of  :  :  e  will  be  :  <  . .  :  " d  . 


.  t  te  1  •-  :  1 . .  d  b'.  j  ,.nd  :  r.  -  ;  at 


v  if  the  'ills  i  ri  the  1><  i  i  ow  .leas  are 


• .  1  \  :  f  : .  c  o  1 1  e-  r 


.lil  be  i  .  ■  <  d  tc  •  i  e-  that  they 


:  *  ,  .  a  1  s  .  It 


n  d-d  th.it  the  core  be  placed 


uLr _ i  . 


dth  Jj'r  if  lt-1 


Oversize  cobbles  should  be  iti’.y.ed  f r  urn  v  ent  materials  prior  to 

placement  in  the  body  of  the  dam.  Assuming  loose  lift  thickness  of  9  in. 
will  be  used,  no  particle  larger  than  5  inches  in  raxittun  dimension  should  be 
placed  in  the  dam. 

All  earthwork  operations  should  be  under  the  full  tine  inspection  of  a 
soils  engineer.  Special  attention  should  be  addressed  to  construction 
in  the  area  of  the  dam  abutments,  the  cutoff  trench,  and  the  pipe. 

Toe  Drain.  A  toe  drain  having  a  minimum  height  of  30  percent  of  the  height 
of  the  dam  should  be  provided.  The  purpose  of  this  drain  is  1)  to  reduce 
the  pore  water  pressures  in  the  downstream  portion  of  the  dam  and  hence  to 
increase  the  stability  of  the  downstream  slope  against  sliding,  and  2)  to 
control  any  seepage  water  as  it  exits  at  the  downstream  portion  of  the  dam 
in  such  a  way  that  the  water  does  not  carry  away  {'articles  of  the  embankment 
coil,  i  .e. ,  that  piping  dees  not  develop.  In  i  i  .let  to  font  t  ion  j:.)cily, 
the  coefficient  of  permeability  of  the  material  of  which  the  drain  is  construct 
ed  should  have  a  permeability  at  least  10  to  100  times  greater  than  that  of  the 
average  embankment  material.  In  addition,  the  pervious  material  from  which 
the  drain  is  constructed  must  meet  the  filter  requirements  for  the  embankment 


r  a  1 1  r  l 


al.  To  provide  for  the  adequate  passage  of  cater  and  to  prevent  clogging1 


of  the  toe  dr ai n,  mat e r i al  of  which  the  toe  drain  is  composed  should  conform 
to  the  following  specifications: 

1.  The  Is*,  s  i ;  e  of  the  toe  drain  (1  liter)  material  (i.e.,  the 

particle  size  which  is  coarser  than  the  finest  IS*,  of  the  soil, 
bjfh)  should  be  at  least  five  times  as  large  as  the  size  of 

t >i e  soil  being  protected. 

2.  The  size  of  the  toe  drain  (filter)  material  should  not  be 

larger  than  five  times  the  P^c,  sire  of  the  protected  soil. 


i 


3.  T;  it-  t.  r  a .’  a  t  i  on  e  urve  of  the  toe  drain  (filter)  r.ateriEl  should 
ha\e  roughly  the  sucre  shape  as.  the  gradation  curve  of  the 

j  rotect ed  soil. 

4.  Filters  sh  >'.ild  not  certain  rore  than  about  5rc  of  fines  passing 


*  \  t. 

No. 

2o0 

S  eve. 

and  the  fines  should 

be  c '-he*  i  or.l  ess  . 

In  the 
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:.V  '  ent . 

The  proposed  filter 
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\  r  c  > 

i  on  o  f 

0.074  an).  However, 

$  percent  of  this  si 

re 

is  considered  the  u;  per  hound  for  satisfactory  su  fcrniatc  of  filter  rater: 
The  :t  fore,  th.e  j  Tv.  nosed  filter  i  rial  will  ha  .c  t  c  It  v.o;  cd  tc  -it  this 
:  e-./u.  re  -  t  nt  .  •’■.!./  f  :.es  (  al  f .  :.e  r  t the  *.c  .  .  v  •  .t-.e)  :  •.  •  .»  >  .  rg 

■  '.Id  .  :  t  *  i  •  :  :  •  •  ■  •  .  •  v 

rit  t  c  nr  .  r.at :  cis  .  1  at  :  s  fact.  :  .  ,  •.•  •  ru.  t  at,  t:  the  t  i  .  :  s  e  1  v 
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rent  and  foundation  without  a  reduction  in  fret-hoard.  fared  on  the  fine¬ 
grained  te>  -e  of  the  soils  to  be  used  in  err.hanl.r.ent  construction  and  the 
consolidate  test  data  presented  in  this  report,  a  car. her  of  at  least 
three  feet  would  appear  to  be  necessary. 

Freeboard.  Sufficient  freeboard  must  be  provided  so  that  there  is  no 
possibility  whatever  of  the  e:*.l  .ml :  .ent  being  cu-r:  ■;  ped .  The*  r,ecersr.r>  free¬ 
board  is  calculated  by  assuring  tliat  the  car  ir.K  river  flood  will  occur  when 
the  reservoir  is  full  „nd  the  b ;  ghost  j-r-viMc  will  dt  velop  at  the 

sure  tire.  'Pl.t  nr. it  ;l*r  f  riel  c-ard  euuals  the  vo:;.ited  liead  on  t  >i  c-  1  i«av 


crest  at  r  s ». :  •*  .at.  flood  di  «• .  h..  ryt  ,  plus  1  .  f,  t  i  r  e « 


*  I  ‘  '  ’  i  f  '  *  I 


. . :  <  t  '  :  <•  :  c<  r  . 


tve  height  (for  up 


.!  r  c  t  y  t  .>•.  t  ..r  g«  y  \  .  c  s 


•two  ft;  :  and  it-  f  t  \  ..  sed  or.  t :  t  dan  he  ;  ght  ,  t  he  reliability  of  the  data 
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The  jpive  and  Intake  Structure^.  In  order  to  minimize  see;. age  along  the 
pipe  which  is  to  run  through  the  dam,  the  pipe  should  be  (quipped  with 
collars  which  protrude  a  minimum  of  6  inches  from  the  outer  surface  of 
the  pipe.  At  least  one  collar  should  be  on  each  section  of  pipe.  Great 
care  must  be  exercised  to  insure  that  fill  to  surround  the  pipe  is  adequately 
placed. 

There  should  be  no  foundation  problem,  with  regards  to  the  intake 
structure,  if  the  reccrr  endati  or.s  presented  in  this  report  are  followed. 

This  a- sure s  that  the  contact  stress  at  the  base  of  the  foundation  will  not 
c  >  .  eed  4  :*o:-  p's  f  arid  that  prior  to  pouring  concrete,  the  excavation  for  the 
foundation  of  the  structure  will  be  inspected  by  a  soil  engineer.  Steel 
‘ 1  :'i  bt  .  :  \  :  d  tin  *  p  ..',c  b.-t  t  to  allow  for  uplift  or,  the  base  of 

the  s  ".  a!  ,-n  t  it . 

CONST RUCT1 ON  V ROB LEMS 

Turing  const  ruct  i  or.  of  the  dam.  it  will  be  necessary  to  divert  the 
s .  Tr. s s  ran  be  a .  c  o  :.pl :  shed  by  use  of  a  cofferdam. 

<  t  •  •.  .»r  ’  :  •»  i  r  ■  '.or..  The  t  los'ire  section  requires  special  design  considerations 
(..it  tv  c  .re  rat  i  on  c  f  1)  provision  of  enough  borrow  materials  and 
d ;  t  r.t  \  n  .  •  r,  ‘  .  on  of  piping  through  differential  settlement  cracks.  The 
t  : :  •  ure  •  ;  on  rust  be  constructed  rapidly  to  avoid  overtopping  --  work 


cannot  be  stopped  to  search  for  additional  construction  materials  or  to  process 
the  water  content  of  the  soil.  It  must  also  be  noted  that  this  section. 


due  to  construction  limitations,  is  especially  susceptible  to  the  develop::  ent 
of  differential  settler;. ent  cracks.  Consequently,  consideration  should  be 
given  to  providi'  extra  filter  drains  in  the  closure  section  in  order 
to  control  any  leaks  developing  through  cracks. 

The  pool  ferried  behind  the  cofferdam,  as  the  river  is  being  diverted 
may  flood  the  suitable  available  borrow  areas.  In  such  a  case,  adequate 
provision  for  this  eventuality  rust  be  race  a  priori. 

Grc  ur.dv  ater .  Measure-rent  of  the  position  of  the  gmundwa*.  er  table  was  made 
in  only  one  boring,  B-7.  Such  information  is  necessary  for  the  assessment  of 
potential  problems  relating  to  the  need  for  dewatering  during  excavation 


one  ... o  r 


•  ir.g  or  ot.vc-r  a > : •  : t s  of  c  oust  ru: : :  on 


water  level  reading,  it  appears  that  some  positive  technique  for  controlling 
groundwater  will  have  to  be  provided  during  construction  of  the  core  and 
possibly  the  rr.ain  body  of  the  cam..  In  order  to  assess  the  extent  of  the 
problem.,  it  would  be  necessary  to  install  pieoom.eters  to  measure  water 


levels  over  a  period  of  time.  The  earlier  t'r 


valuable  thc-v  will 


n  be  installed  the  mere 


The  drain  and  filter  r.at  eri  a  I .  The  toe  drain  must  be  constructed  of  a  suit¬ 
able  material  with  the  characteristics  previously  described.  Care  rust  be 
taken  to  insure  material  used  to  construct  the  toe  drain  does  not  become 
contaminated  with  other  materials. 

The  i  ;*r.  has  not  been  :  let  ec  until  the-  dam  is  built  arid  the 


re s  e  r i  o  ;  r 


•  ful  ;  ration.  Turing  const  rue  t  ion  on  almost  every 
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job,  prob  1 ens  arise  v.iu  ch_  re  quin  c  design  cbrioges.  For  this  reason,  it  is 
highly  desirable  that  the  designer  also  have  charge  of  building  the  dr-un. 

Fost  Construction  Observations^  In  order  to  insure  the  dam  is  performing 
in  the  manner  intended,  it  is  recoin. ended  that  observations  of  the  dam 
be  r ade  periodically  following  completion  of  construction.  This  is  especially 
necessary,  at  frequent  intervals,  for  the  first  few  years  following 
construction  to  observe  any  leaV.s  and/or  cracking  of  the  dam.  Eoth  of  these, 
if  remedial  measures  are  not  immediately  taken,  may  lead  to  failure  of  the 
can.  Consequently,  remedies  should  be  instituted  immediately  upon  observation 
of  deri ci encies . 

The  best  assessment  of  cam  performance  can  be  made  via  instruments 
installed  in  the  dam,  e.g.,  pi ezon-eters ,  inclinometers,  extensometers , 

>  v  *  t '  •  •  .r.t  plates  etc.  If  you  desire,  we  w^ulc  he  pleased  to  design  an 

instrumentation  system  for  you. 


GENERAL 


The  analyses  and  recommendations  submitted  in  this  report  are 
based  upon  the  data  obtained  from  7  borings,  7  auger  holes  and  2  probe 
holes  performed  at  locations  indicated  or,  the  enclosed  location  diagram. 
This  report  does  not  reflect  any  variations  which  may  occur  between  these 
bor.ngs  and  test  holes.  The  nature  and  extent  of  variations  between 
them  may  not  become  evident  until  the  course  of  construction;  if  variations 


then  become  evident,  it  will  be  necessary  for  a  rc -evaluat i on  of  recommendation 
cf  this  report  to  be  made  after  performing  c-r.-sitc  observations  during 
construction  arid  noting  the  characteristics  of  any  variations.  It  is 

—  r.m'  r  nm  H  i-  a  *  t  n  m  a  m  t  ^  k  a  i  a  -  r  S  —  -  -  -  -  — - 


/ 


-19- 


* 


recce.." ended  tnat  the  material  ax  the  ba s e  of  the  d:.?..  and  core  be  inspected 
by  an  experienced  soil  engineer  to  ensure  e t , t- l  nme  structures  are  placed 
upon  suitable  materials.  It  is  also  ret o::cr. ended  that  all  stripping  and 
controlled  fill  operations  be  inspected  by  an  experienced  soil  engineer  to 
ensure  conformation  with  recor.r.endat  i  ons .  If  you  wish,  we  would  welcome  the 
opportunity  to  perform  any  of  the  herein  re ce;:m. ended  inspection  services  for 
you  during  construction.  In  addition,  we  would  be  pleased  to  review  the 
plans  and  specifications  after  they  have  been  prepared  for  tie  project  so  that 
we  might  have  the  opportunity  to  comment  upon  the  effect  of  soil  conditions 
on  the  design. 

This  report  has  been  prepared  in  order  to  aid  in  the  evaluation 
of  this  site  and  to  assist  the  architect  and/or  engineer  in  the  design  of 
the  project  based  upon  our  understanding  of  the  design  details,  criteria, 
and  utilisation  of  the  structure  as  outlined  herein.  It  is  i nt  <.n.\-d  'or 
use  with  regard  to  the  specific  project  and  locations  described  herein, 
and  any  changes  in  design  or  location  should  be  brought  to  our 
attention  so  that  we  may  determine  how  these  changes  may  affect  our  recommend¬ 
ations  . 
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